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Aromatic compounds are potentially useful as functional 
electronic materials. However, the controlled synthesis and 
assembly of three-dimensional complex molecules are still 
very difficult, especially for the crystal engineering of organic 
molecules. This group aims to create novel topological and 
reticular organic structures by using synthetic organic chem-
istry and geometric insights.

To achieve our purpose, this group will start electron-
diffraction crystallography (MicroED) for the rapid structure 
determination of organic compounds. While X-ray crystallog-
raphy is a general and reliable method for structure determina-
tion, it requires ~0.1 mm single crystals and making such 
crystal sometimes needs tremendous times and efforts. Since 
electron beam have much higher diffraction intensity than 
X-ray, structural analysis can be performed even with ultra-
small crystals (1 μm or less). There are many fields such as 
covalent organic crystals with a three-dimensional structure 

and molecules with complex molecular topologies, where 
structural analysis has not been sufficiently developed.

Figure 1.  Design and synthesis of π-conjugated organic molecules 

(top); Development of novel molecular topology (bottom left); Con-

struction of three-dimensional network polymers (bottom right).
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1.  Synthesis and Reactivity of Highly 
Strained Belt-Shaped Polycyclic Aromatic 
Hydrocarbons

We performed the synthesis of novel π-conjugated mol-
ecules with high strain energies and the investigation of its 
structural properties.2–4)

The synthesis of cycloiptycene derivatives was achieved 
in each one step from (6,6)carbon nanobelt (Figure 2).3) It was 
revealed that the carbon nanobelt was reacted as a diene in the 
Diels–Alder reaction with arynes and alkynes. Structures of all 
products were identified by X-ray crystallography to confirm 
that the Diels–Alder reactions took place at the six central 
benzene rings of the carbon nanobelt. DFT calculations indi-
cated that the release of strain energy is the driving force to 
proceed the Diels–Alder reaction. By using this method, we 
have successfully synthesized cyclotetracosiptycene, the largest 
iptycene ever synthesized.

Figure 2.  Diels–Alder reaction of (6,6)carbon nanobelt with alkynes 

and arynes for the formation of cycloiptycene derivatives.

The synthesis, structure, and properties of methylene-
bridged [6]cycloparaphenylene ([6]CPP), a nonalternant aro-
matic belt, were investigated (Figure 3).2) This belt-shaped 
methylene-bridged [6]CPP, in which each phenylene unit is 
tethered to its neighbors by methylene bridges, was con-
structed through 6-fold intramolecular nickel-mediated aryl–
aryl coupling of triflate-functionalized pillar[6]arene in 18% 
isolated yield. As compared to the analogous [6]CPP, the 
methylene bridges coplanarize neighboring paraphenylene 
units and enhance the degree of π-conjugation, which results 
in a significant decrease in energy gap. Moreover, the incorpo-
ration of small molecules in the defined pocket of methylene-
bridged [6]CPP makes it an attractive supramolecular archi-
tecture. Methylene-bridged [6]CPP is characterized by high 
internal strain energy reaching 110.2 kcal mol−1, attributed to 
its restricted structure. This work not only exhibits an efficient 

strategy to construct a new family of aromatic belt, but also 
showcases their properties, which combine the merits of CPPs 
and pillararenes.

2.  Development of a Direct Octagon-
Forming Annulation Reaction by Palladium 
Catalyst

The discoveries of new forms of carbon have always 
opened doors to new science and technology. In 1991, three-
dimensional (3D) periodic carbon crystals with negative 
Gaussian curvatures that consist of six- and eight-membered 
rings were proposed. To realize these 3D periodic carbon 
crystals, methods for creating polyaromatic structures embed-
ding eight-membered rings must be developed. Here the two 
annulative coupling reactions that form an eight-membered 
ring through catalytic C–H functionalization are reported 
(Figure 4).1) Bay-chlorinated polyaromatics undergo either 
annulative dimerization or cross-coupling with biphenylene in 
the presence of a palladium catalyst to form various hitherto 
inaccessible polyaromatics embedding an eight-membered 
ring. The threefold annulative cross-coupling of 1,5,9-tri-
chlorotriphenylene allowed construction of a highly curved 
nanocarbon. The present work not only demonstrates the 
potential of annulative coupling for constructing octagonal 
nanocarbons but also provides a conceptual pathway for the 
synthetic realization of 3D periodic carbon crystals.

Based on this result, our group has started the Joint 
Research Program in IMS with Murakami group. Our group 
will support the rapid structural determination of targeted 
π-conjugated molecules, their synthetic intermediates, as well 
as active species of transition metal catalysts.

Figure 4.  Palladium-catalyzed octagon-forming annulation reaction.
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Figure 3.  Synthesis of a nonalternant aromatic belt.


